Steady state exercise diffusing capacities at three different levels of work have been measured in 46 women, aged 20 to 59. All the subjects had normal resting pulmonary function tests and normal chest radiographs. There was an age dependent decline in the exercise diffusing capacity of the lung at all work levels, which became more marlred after the age of 50. Comparison with data from men shows that the younger women have a lower diffusing capacity than men of the same age but that the decline with age is less marked. Regression equations based on age and oxygen uptake for the women are: 1) D,=28.38-.215(age)+ 8.21 (oxygen uptdte), and 2) D,/L-MLC=9.14-0.048(age)+1.396 (oxygen uptake).
here are considerable advantages to be gained Tfrom studying patients during moderate to severe exercise but the level of work an individual patient can achieve is very variable, depending on his disease and state of fitness. It is well established that the pulmonary diffusing capacity increases with the level of exercise. There is an age dependent decrease in exercise DI,,, in men,'.* and prediction data based on age and oxygen uptake have been developed for men but similar data for women are lacking. To establish such values the following study was undertaken.
The subjects were 46 women, aged 20 to 59, drawn from hospital staff. All were without history or symptoms of chest disease, had normal chest radiographs and normal resting pulmonary function tests. Each subject exercised on an Elema-Schonander bicycle ergometer for six minutes at each of three work levels with a 15 minute rest between tests.
Thirty of the subjects performed work levels of 150, 300 and 450 kgm/min while the other 16, who were incapable of sustaining the 450 kgm/min load for the required six minutes, were tested at 150, 250 and 300 kgm/min. The minute ventilation, heart rate, respiratory frequency and oxygen Manuscript received March 6; revision accepted May 20. Reprint requests: Dr. Guzman, National Defence Medical Centre, Ottawa, Ontario, CaMdo uptake were recorded during the last minute of exercise and the diffusing capacity was measured between the fourth and fifth minutes using the method previor~sly reported from this laboratory,l the CO uptake being expressed in milliliters per minute STPD.Uveolar CO pressure was calculated using an assumed dead space based on the tidal volume.4 Alveolar values were corrected for back pressure derived from the blood carboxyhemoglobin level measured by a rebreathing technique? and calculated by the procedure described by Linderholm.6 Mean values for the different measurements were calculated for age decades and differences between group mean values were analyzed using Student's t test for each work load.
The values of the resting pulmonary function tests of the subjects are shown in Table 1 . The group mean values of the tests are all within normal limits as were the tests of each individual patient. The results of the exercise studies are shown in Table 2 and illustrated in Figure 1 . Neither the heart rate nor the oxygen uptake (~0 2 ) for a given work load showed any consistent change with age. v02 has therefore been used as the independent variable to represent work level in the graphic representations. The diffusing capacity ( D,.,, ) increased consistently with increasing levels of work in all age groups. levels. In an attempt to eliminate the effects of lung size differences between individuals, DLco was expressed as DLro per liter mid-lung capacity (where MLC = FRC + % tidal volume ) . This value was higher in the 20 to 29 year group than in the other groups and there was no significant difference between the 30's, 40's, and 50's. When difFusion was expressed as DLc,/M2 body surface area, there was a more pronounced decline with age; thus the mean value for the 20-year-old group was greater than that for the 30-and 40-year-olds at all work levels, and for those in their 50's the mean value was lower than all the others-a difference evident at all exercise levels. D,,,,/M2. The average body surface areas of the women in their 3Us, 40's and 50's were similar but the average MLC of the older group was lower than those of the 30's and 40's due to a lower average FRC and tidal volume. The older women tended to be shorter (average height 158.4 cm) than the women in their 40's ( average height 166.5 cm ) and 30's (average height 166.0 cm ). Therefore when the DL,, was expressed as DL,,/L MLC the values of the subjects in their 50's approached more closely those of the subjects in the younger age groups.
The relationship of the diffusing capacity to age and oxygen uptake is expressed in the following regression equations developed with the pooled data: DL,, = 28.38 -0.215 x + 8.21 y DLJ L MLC = 9.14 -0.048 x + 1.396 y These findings indicate that no matter which way it was expressed the D,,,., declined with age. Highest mean values were obtained in the group 20 to 29 years; the 30 to 39 year group and the 40 to 49 year group showed essentially the same values, and the lowest values were obtained in women over 50 years. Likewise the extraction ratio was significantly higher in the younger age group, declining with age although the group differences between the 30-, 40-and 50-year-old individuals were small. The D,.,.,,/L MLC did not show the clear decline with age shown in the Dr.,, itself and in the where x is age in years, y is oxygen uptake in liters per minute STPD and Dr.,, is expressed as milliliters per minute mm Hg at STPD. Although our results do not indicate a gradual decline in diffusion from the age of 20 on, but rather a definite decline after the age of 50 years, for practical clinical application a single regression equation was developed. seen that the younger women have a slightly lower exercise D L c o than men of comparable age, but the decline with age was less marked, and in the decade 50 to 59 years exercise Dho in women was higher than in men. Our results suggest that there is an age dependent decline in exercise diffusing capacity of the lung in women, which becomes marked after the age of 50.
Our findings are at variance with those of Hanson and Tabakin7 who found similar values for exercise diffusing capacity in women between 20 and 59 years tested at one exercise level. They concluded there was no significant decrease with advancing age. In fact in their study the mean values in the eldest age group (50 to 59 years) were actually higher than those of the younger women as was ~0 2 .
CHEST, VOL. 64, NO. 6, DECEMBER, 1973 affected by ventilation distribution, perfusion distribution, pulmonary capillary blood flow and transit time, and their interrelationships. Inert gas distribution is liss uniform in older than in younger subjects and airway closure occurs at higher lung volumes in older subjects at rest. There is evidence that ventilation distribution in older subjects is very much dependent on the magnitude of the tidal volume as the lung loses recoil with advancing age,1° and improves in the older age group with increasing tidal volume. In the present study, in the older age group the Dho increased proportionately more at the highest levels of exercise (where tidal volumes were largest) than did the DLco for the younger women for a similar increase in oxygen uptake. This may mean that one of the reasons the exercise Dk, is lower in the older women is because of the poorer ventilation distribution and that this is most marked at the lower levels of exercise where the tidal vol------I ----umes are lowest. Some authors have reported that the exercise DLco does not increase to any extent once the heart Voe l/min rate has reached the value of 120.8*11*12 However, 
